A simple statistical model in terms of light-front kinematic variables is used to explain the nuclear EMC effect in the range x ∈ [0.2, 0.7], which was constructed by us previously to calculate the parton distribution functions (PDFs) of the nucleon.
Introduction
Deep inelastic scattering (DIS) process is an efficient tool to detect the nucleon structure, and the high-energy charged lepton can also reveal the parton distributions in the nuclear environment. The nucleons in a nucleus were initially thought to be highly insensitive to their surroundings, and the only nuclear effect in DIS was believed to be Fermi motion at large x. However, in 1982, the European Muon Collaboration at CERN discovered that nucleons inside a nucleus have a remarkably different momentum configuration as expected, i.e., the structure function for a bound nucleon differs from that for an isolated one significantly [1, 2, 3] , which was named the nuclear EMC effect (for reviews, see, e.g., Refs. [4, 5, 6, 7, 8, 9, 10] ). The existence of the unexpected effect opens a window onto the behavior of quarks at nuclear scale, thus it offers the opportunity to use nuclear targets for exploring aspects of quark dynamics.
In order to account for the EMC effect, there have been many efforts and insights implemented in various models, e.g., the cluster model [11, 12, 13, 14, 15, 16] , the pion excess model [12, 17, 18, 19, 20, 21] , the x-rescaling model [22, 23, 24] , the Q 2 -rescaling model [25, 26, 27] , the nucleon swelling model [15, 23] , and the deconfinement model [12, 28] . In some sense, most of these available models provide a fairly good description, instead of an explanation, to the phenomena. The cluster model explains the EMC effect by introducing different ways of packing the constituents into clusters of 3n (n ≥ 2) quarks, to mimic the field acting on partons caused by the nuclear mediate. This was suggested by
Pirner et al. [11] , and first applied to the EMC effect by Jaffe [12] . Later it was discussed in detail by Carlson and Havens [13] . Furthermore, Barshay and Rein [14] provided a physical picture for this scenario and predicted specific Q 2 dependence. In the pion excess model, Smith [17] suggested that iron con-tains 6∼12 more pions which carry ∼5% of the momentum, and Ericson and
Thomas [18] showed that the EMC enhancement in the region x < 0.3 can be reproduced with the excess pions if an attractive force was assumed. Close, Jaffe et al. [25, 26, 27] first discovered that the difference between the structure functions for a bound nucleon and that for a free one can be ascribed to the change of the effective Q 2 , which was named the Q 2 -rescaling model, and it was explained that these distinctions arise as a result of the difference in the scale of confinement of the nucleon.
On the other hand, due to the complicated non-perturbative effect, it is still difficult to calculate the parton distribution functions (PDFs) of the free nucleon absolutely from the first principle theory of the quantum chromodynamics (QCD) at present. Various models according to the spirit of QCD have been brought forward, therein statistical ones, providing intuitive appeal and physical simplicity, have made amazing success [29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 Actually, as can be speculated, with partons bound in the wee volume of the nucleon, not only the dynamic, but also the statistical properties, for example, the Pauli exclusion principle, should have important effect on PDFs. Angelini and Pazzi [29, 30] , as pioneers, found that the nucleon valence quark distribution has a thermodynamical behavior for x > 0.1 with the temperature decreasing for different Q 2 . Cleymans and Thews [31, 32, 33 ] explored a statistical way to generate compatible PDFs. Mac and Ugaz [34] incorporated first order QCD correction, and afterwards Bhalerao et al. [35, 36, 37, 38, 39] introduced finite-size correction; they both referred to the infinite-momentum frame (IMF). Devanathan et al. [40, 41, 42] proposed a thermodynamical bag model which evolves as a function of x, and the structure functions they got have correct asymptotic behavior; in addition, they parametrized on T and exhibited the scaling behavior. Bourrely, Soffer, and Buccella [43, 44, 45, 46, 47, 48, 49, 50, 51, 52] developed a new form of statistical parametrization, and by incorporating QCD evolution they got indeed remarkable PDFs. Otherwise, Zhang et al. [53, 54, 55] constructed a model using the principle of balance without any free parameter, and the Gottfried sum they got is in surprisingly agreement with experiments.
Later, Singh and Upadhyay [56] 
Statistical approach
We assume that the nucleon is a thermal system in equilibrium, made up of free partons (quarks, anti-quarks, and gluons), and the quarks and antiquarks satisfy the Fermi-Dirac distribution while the gluons obey the BoseEinstein distribution. Instead of boosting the distribution functions to the IMF [34, 35, 36, 37, 38, 39] , we transform them in terms of light-front kinematic variables in the nucleon rest frame, and get x-dependent PDFs analytically [63] f
Mx ln while for anti-quark µq = −µ q , and for gluon µ g = 0; x is the light-front momentum fraction of the nucleon carried by the specific parton; M is the mass of the nucleon, and the value is taken as 938.27 MeV; and Li 2 (z) is the polylogarithm function, defined as Li
Note that the analytic expression above is different from those attained in the previous statistical models [31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42] .
The expression of the PDFs we derived is available for all the partons with mass m f , however, for simplicity, in Ref. [63] , we mainly focused on the u, d flavors, which can be viewed massless as a quite good approximation. In this paper, we will take a further consideration of the s flavor, whose mass is around 100 MeV, so the constraint x ≥ m 2 s /M 2 should be fulfilled [65] . For convenience of a universal manipulation to all partons, we have multiplied explicitly to the expression of the PDFs, i.e., Eq.
(1), a factor of the step-
In practice, the PDFs in a certain system should be constrained with some conversation laws. For example, in the proton, they are
where f , in Eq. However, the contribution of the heavier flavors, the c quark for instance, is negligible [63] .
There are four unknown parameters T , V , µ u , µ d and three constraints, thus for a fixed T , the rest parameters V , µ u , µ d can be determined uniquely, whereafter we can obtain all the PDFs. Worthy to mention that, including the s flavor will not introduce any extra parameter, due to µs = µ s = 0.
After the PDFs of the proton have been determined, we can get the PDFs of the neutron as well, using the p-n isospin symmetry, i.e., u
Eqs. (2)- (4) should be satisfied for free nucleons, as well as the ones immersing in the nuclear environment. Here we mainly assume that a nucleon under a different nuclear circumstance is equivalent to at a different temperature, and subsequently along with different V , µ u , and µ d .
Also note that, the PDFs and the nucleon structure function
where e f is the charge of the parton of flavor f , as well as the Gottfried sum
are actually all T -dependent.
Afterward, we perform the numerical calculation to determine the temperatures of the nucleons in different nuclear environment, first in deuteron, then in other nuclei. Since deuteron is a weakly bound system, the structure function of it can be taken as a free isoscalar nucleon approximately, i.e., F
In practice, we figure out T D , i.e., the temperature of nu-cleon in deuteron by using
to available experimental data in the region x ∈ [0.2, 0.7] where the EMC effect dominates, thus the parameters of the nucleon in the nucleus with atomic number A can be determined.
Results and Discussions
Numerical calculation is performed under three different conditions below We can see that, when x decreases from 0.2 to about 0.1, our curves predict the right trend and fit to the experimental data roughly; but conflicted with the data, as x decreases further from 0.1, our curves still go up and stand as a constant slightly above unity when x approaches 0. In the high-x direction, the experimental points reveal an apparent rise from about x = 0.7∼ 0.8 as x increases, however, our curves depart from them and monotonously go down, caused by the neglect of Fermi motion of the nucleons.
As generally recognized now, the fact that F Our result that the volume of the nucleon in nuclei becomes larger is qualitatively consistent with other models, such as the Q 2 -rescaling model and the nucleon swelling model, though the starting point of our model is different.
The result we derive, T D − T Fe = 1∼2 MeV, is very close to 3 ± 1 MeV given in Ref. [60] , and our enhancement in V A /V D is about half of that presented in Ref. [61] . Worthy to note that, including the s flavor and taking different masses of it lead to some slightly difference in results, so the s flavor is considered as a modification here.
In addition, as parameters are determined, we can give explicitly the predictions of PDFs of the nucleons inside different nuclei. The ratios of the PDFs of iron to deuterium are depicted in Fig. 3 for example. Note that, the distribution of d flavor, not presented in Fig. 3 , is just the same as that of u flavor, for that all nuclei here, including iron, have been adjusted to be isospin scalar.
The solid normal, thick, and thin curves correspond respectively to our results in the three conditions mentioned above, and they almost overlap in each sub figure, though the parameters of them are a bit different (see Tables 1, 2, 3) .
The sub figure of s A /s D in Fig. 3 lacks the normal solid curve, for it is the condition where no s flavor is included.
The ratios in Fig. 3 are only predicted in the range x ∈ [0.2, 0.7] since we only fit to the data in this special region and do not include other effect. We can see that the ratios are monotonous of x, indicating more low-x momentum configuration in iron than in deuterium, which is in consistency with our intuition of a lower temperature in iron.
And also, we present the fractions of momentum x and structure function F 2 carried by various partons under the three conditions respectively in Table 4 .
From the results, we can see that as m s getting smaller, s quarks take up more fractions of momentum and structure function, and the contributions from which are somehow considerable. The case with no s quarks can be considered as a limit for m s → ∞.
Together with our results for iron, the predicted PDFs of other models, i.e., the cluster model, the pion excess model, and the Q 2 -rescaling model, are also illustrated in Fig. 3 .
For the cluster model, here we consider 6-quark cluster only, and employ the PDFs given in Ref. [16] . Also we assume that the probability to form a 6-quark cluster in iron equals to 0.3 [13] .
Concerning the pion model, we adopt the CTEQ6M parametrization [69] for nucleon and the RMS parametrization [20] for pion, then the PDFs in nuclei read [17, 18, 70] 
where q π i (x) and q N i (x) are respectively the parton distributions for the free pion and nucleon, and we make use of the "toy model" in Ref. [21] to give the probability f π (y) and f A N (y) of finding pionic and normal nucleonic content respectively in iron.
And as to the Q 2 -rescaling model, we again take the CTEQ6M parametrization [69] and take ξ = 1.83 [27] in the PDFs below [25, 26, 27] 
As can be seen in Fig. 3 , the predicted PDFs differ significantly from model to model. And to distinguish various models and look into the immanent reason of the EMC effect, we suggest more experiments to identify the PDFs in nuclei, especially for anti-quarks, the strange quark, and the gluon. The dimuon yield in Drell-Yan process [71, 72] can detect the sea content in nuclei. Ref. [70] also advised that the semi-inclusive hadron productions in DIS are sensitive to the sea quark content. Further, the process of charmed quarks production in DIS can probe the gluon constituent via the photon-gluon fusion mechanism, and the strange quark content can be detected in Λ-K process.
Summary
In this paper, we utilize a concise statistical model to mimic the nuclear EMC effect. The statistical model was used previously to calculate the parton distribution functions (PDFs) of the nucleon in terms of light-front kinematic variables with no arbitrary parameter or extra corrected term [63] . Here, we treat the nucleon temperature T as a parameter of the atomic number A and find that the nuclear effect can be explained as a shift of T -as A increases,
T gets lower and consequently the volume V becomes larger; the larger A, the more significant influence. These features are consistent with other models, for example, the Q 2 -rescaling model and the nucleon swelling model.
Further, we present the predictions of the quark distribution ratios, i.e., q
, and s A (x)/s D (x), and also the gluon ratio g A (x)/g D (x) for iron as an example. These predictions are rather different from those of other available models. Further experiments are expected to provide more information of the PDFs in nuclei, especially for anti-quarks, the strange quark, and the gluon, then we can test various models better.
Though there is only one free parameter, i.e., the nucleon temperature T , in our model, the descriptions to the experimental data are reasonable in the
. We suggest that the statistical property may be a considerable source to the nuclear EMC effect, and expect to have more relevant experiments to test the predictions.
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